Abstract: Examples of interspecific interactions have been described for mammalian predators, but less is known regarding disturbances of native predator guilds by domestic predators. We investigated intraguild interactions among three opportunistic predators (dog (Canis lupus familiaris L., 1758), cat (Felis catus L., 1758), and red fox (Vulpes vulpes (L., 1758)) co-occurring in the extensive farmlands of central Poland. Their space use was monitored using tracking stations distributed in field and forest plots along a distance gradient from buildings and analyzed using the occupancy-modeling framework. For all three species occupancy decreased with increased distance from buildings, although for the fox the pattern was relatively weak. The occurrence of cats at the stations was higher in the forest than in the field; for fox and dog, there was a strong variation between study plots. For all three predators, the probability of detection was higher during the night than during the day and varied between the seasons; however, the exact patterns were species-specific. The presence of one predator was also linked to the presence of the other two species-generally, a given species was detected more frequently in the absence of the other two species. We recorded spatiotemporal niche segregation among the three species. We conclude that interspecific antagonistic interactions and differences in foraging ecology are the main drivers shaping co-occurrence of the three species in the agriculture landscape.
Introduction
Interspecific interactions among predators, including competition and predation, have great ecological consequences in shaping ecological networks and food webs in both aquatic and terrestrial ecosystems (reviewed in Polis et al. 1989 ). These two processes are crucial for the spatiotemporal distribution of species that interfere with each other because dominant predators strongly affect the distribution and abundance of submissive predators (Hakkarainen and Korpimaki 1996; Salo et al. 2008) . As a consequence of strong competition and predation within a predator guild, competitively weaker species are often pushed into suboptimal habitats or forced to alter their temporal activity to accommodate that of competitively stronger species (Creel et al. 2001) . The avoidance of spatial, functional, and temporal coexistence with top predators is often associated with numeric as well as behavioural responses in submissive species (Ritchie and Johnson 2009) . Examples of this phenomenon have been observed in an owl community in which the distribution of the dominant Ural Owl (Strix uralensis Pallas, 1771) affected the spatial distribution of the smaller and competitively weaker Tawny Owl (Strix aluco L., 1758) (Hakkarainen and Korpimaki 1996; Vrezec and Tome 2004) ; in cheetahs (Acinonyx jubatus (Schreber, 1775) ) that avoided lions (Panthera leo (L., 1758)) even though it might have pushed them into areas with low prey density (Creel et al. 2001) ; and in an insect community in which the competitively strong and numerous red wood ant (Formica rufa L., 1761) altered the space use and behaviour of other predators (Reznikova and Dorosheva 2004) . Such a spatiotemporal niche segregation lowers the fitness of submissive species (Creel et al. 2001) , whereas a reduction in the number of dominant predators increases the ecological success of weaker competitors (Ritchie and Johnson 2009) . The extinction of a dominant predator may therefore lead to rapid numerical and functional responses of several submissive predators. The mesopredator release effect, in which man-made habitat transformations that reduce the number of large predators cause an increase in the abundance of mesopredators, appears to be fairly common in terrestrial ecosystems (Prugh et al. 2009 ). As a consequence of strong antagonistic interactions within a predator guild, indirect positive effects of top predators on prey communities are also possible. The mesopredator release effect has been reported in a variety of ecological networks, strongly shapes predator-prey systems, and may drive local increases in prey abundance (Crooks and Soulé 1999; Ritchie and Johnson 2009; Letnic and Dworjanyn 2011) .
Interspecific competition is taxonomically widespread and is particularly frequent among predators because of their behavioural and morphological adaptations for killing (Creel et al. 2001 ). There have been many reports of interspecific competition among mammalian predators. Helldin et al. (2006) observed strong intraguild predation between populations of Eurasian lynx (Lynx lynx (L., 1758)) and red fox (Vulpes vulpes (L., 1758)) following the recovery of lynx populations. Berger and Gese (2007) provided evidence that the abundance of coyotes (Canis latrans Say, 1823) was significantly reduced by the presence of gray wolves (Canis lupus L., 1758). Fedriani et al. (2000) reported that gray foxes (Urocyon cinereoargenteus (Schreber, 1775)) avoided habitats with a high risk of coyote predation, which was an important source of fox mortality.
Much less is known regarding the disturbances of native predator guilds by domestic species, e.g., cats (Felis catus L., 1758) and dogs (Canis lupus familiaris L., 1758). Dogs in particular have been bred over the course of centuries for certain behavioural characteristics, including aggression towards conspecifics, dominance, territorial defence, and excessive barking, that can greatly influence other predators. Surprisingly, although the domestic dog is the most common predator in the world, few studies have addressed its ecological effects on sympatric native predators (Vanak and Gompper 2009b) . Studies of the interactions between wild and domestic predators have been conducted in urban habitats (e.g., Harris 1981; George and Crooks 2006; Baker et al. 2010; Harrison et al. 2011) . Studies have also been conducted in Australia, where possible interactions between three alien species (dogs, cats, and red foxes) are of crucial conservational importance (Dickman 1996; Robley et al. 2004; Mitchell and Banks 2005; Letnic and Dworjanyn 2011) . A series of studies in recent years has examined the interactions between free-ranging dogs and native predators in nonurban areas in countries around the world, including India Gompper 2009a, 2010; Vanak et al. 2009 ), Chile (Silva-Rodríguez et al. 2010 , and Brazil (Lacerda et al. 2009) . No study has yet been conducted in rural areas of European countries, where domestic predators are sometimes over abundant. In rural areas of central Poland, for example, densities of free-ranging dogs and cats exceed those of native predators (Krauze 2008; Goszczyński et al. 2009) , and these domestic species are considered to play an important role in the predator guild.
We investigated the intraguild interactions among three opportunistic predators co-occurring in biodiversity-rich, extensively used farmland in central Poland. Specifically, we examined spatiotemporal niche segregation and the factors driving co-occurrence of the domestic cat, dog, and red fox. Our hypothesis was that the spatiotemporal distribution of the three species reflects niche segregation that leads to a reduction in intraguild competition and predation. The proximity of predator populations to human settlements was expected to act as a disturbance and further shape niche segregation and final dynamics within the guild. The interactions among the three predator species appear to be crucial for the final impact on prey populations and, in a broader ecological context, for the maintenance of biodiversity in this unique ecosystem.
Materials and methods

Study area
We conducted the study in central Poland in a mosaic of extensively used agricultural fields and forests with villages formed by a row of buildings along a road, which is typical of this region. This region is affected by the mild oceanic climate of western Europe and by the harsh and dry continental climate of eastern Europe and Asia. The duration of the growing season is approximately 210 days; the total precipitation is as much as 600 mm per year; and the mean ambient temperature ranges from -4°C in January to ϩ18°C in July.
There were two survey sites: Dobieszyn and Rogów. In Dobieszyn, fieldwork was concentrated around Brzeska Wola village (51°36=58ЉN, 21°0=26ЉE) on two separate plots. In Rogów, fieldwork was conducted around Marianów Rogowski (51°49=10ЉN, 19°53=53ЉE) and Przyłęk Duży (51°50=9ЉN, 19°55=53ЉE) villages and in the area of WULS Campus in Rogów (51°49=24ЉN, 19°54=7ЉE) on three plots (Fig. 1) . Typical farms in these regions are small (i.e., less than 10% of farms are larger than 15 ha; Central Statistical Office-GUS data), and the fields consist of a fine mosaic of patches of different crops, pastures, and fallow land with field margins surrounding groups of trees. The main tree species in the forest is Scots pine (Pinus sylvestris L.), with an admixture of oaks (genus Quercus L.).
Top predators (i.e., wolf or lynx) are lacking among the predatory mammals in the area, and native species include the red fox, stone marten (Martes foina (Erxleben, 1777)), pine marten (Martes martes (L., 1758)), European badger (Meles meles (L., 1758)), European polecat (Mustela putorius L., 1758), stoat (Mustela erminea L., 1758), and least weasel (Mustela nivalis L., 1766) (Gryz et al. 2011; D. Krauze-Gryz and J.B. Gryz, unpublished data) . The dogs in the study area are mostly owned; however, even those classified as owned are often unrestricted and range freely. Truly feral dogs were also registered in the area (D. Krauze-Gryz and J.B. Gryz, unpublished data) . Cats are present on~50% of farms (on average, 1 cat/household) and are able to roam outside (Krauze 2008) .
Field studies
Space use by the studied species was monitored using tracking stations. A tracking station consisted of a tracking board (OSB board square 50 cm ϫ 50 cm) covered with florist foam (a material that deforms under the pressure of an animal with the minimal size of a rat and remains flexible when wet), which is used to study predation (e.g., Brzeziński et al. 2010) , baited in the middle with a mixture of canned smoked sprats and vegetable oil. This mixture could not be removed (e.g., with a paw) but had to be licked, which forced animals to step onto the board. Each station included a rodent live trap (baited with oats), placed~2 m from the board to estimate abundance of small rodents. One hundred tracking stations were distributed in the vicinity of each village, in the field and forest habitats (50 tracking stations in each habitat). Tracking stations on the plots were organised in 10 lines, each consisting of five stations placed at distances of 50, 100, 200, 300, and 400 m from the border of buildings (Fig. 1) .
We conducted the survey for three consecutive days during every second month at each site from June 2007 to May 2008 (8 months in total; the winter months of November through February were excluded); the months used for the two sites did not overlap. Records were taken twice per day (at ca. 0800 and 1-2 h before dusk) so that data for daytime and nighttime activity were collected (3881 station records in total). The tracks were registered, identified based on their shape and measurements, and marked (i.e., crossed) to avoid doublecounting. Tracks with ambiguous identifications were omitted from analyses. Baits were reapplied when necessary. Rodents were identified according to species and released, and the rodent traps were reset. For each control of a single station, information on the presence or absence of a visitation event of one or more predatory species and rodent capture was gathered. We removed stations after 3 days and covered them with fresh foam before setting them out again. The placement of each station was marked (GPS measurements, photographs, landscape characteristics) so that during the next survey we used the same site for each station.
Statistical analyses
The data were analyzed using the occupancy-modeling framework that allows for imperfect detection of species, given it is present in the study area (MacKenzie et al. 2006) . Presence of the species on study plots, as recorded in field surveys, has two components: (1) probability of site being occupied by the animal and (2) probability of recording (or detecting) the animal, given it is present. This distinction is important, as recorded absences may in fact represent nondetections during the field surveys rather than "true" absences. Occupancy models are designed to estimate separately the detectability and the "true" occupancy. However, for animals having activity ranges much larger than study plots used to assess occupancy, nondetection includes also a situation with an animal being temporarily absent from the study plot, thus not being available for detection. Furthermore, if this availability for detection shows a temporal pattern, changes in detectability will in such a situation reflect, to some extent, changes in the activity of animals under study.
We used single-season occupancy models (MacKenzie et al. 2002) with individual tracking stations treated as spatial units to estimate occupancy () and probability of visiting the station (p). We did not model temporal changes in occupancy using dynamic (multiseason) occupancy models (MacKenzie et al. 2003) , as these models require more parameters and model-fitting procedures often did not converge with our relatively sparse data. With single-season model, we assumed that for an individual station, occupancy of a given predator species is constant throughout the study period, while p may vary with the time of season. In this setup, occupancy represents the probability that the station is located inside an area visited by predator at some point of time, within the time window analyzed. Probability of detection, however, reflects here temporal changes in animal activity coupled with its propensity to enter the recording station. As such, p captures variance in both the availability for detection (i.e., physical presence in the vicinity of recording station) at given time and the probability of actually visiting the station (given presence).
Probability of detection was modeled as a function of four site covariates, including time of season, time of the day (day or night), and presence of two predators other than the focal species (e.g., detection of fox or dog in a model for cat). Data collected in the evenings are assumed to reflect presence of animals during the preceding day, while tracks recorded in the morning control represented nighttime activity. With 20 surveys per tracking station conducted throughout the year, single-season models allowing p to vary with each occasion, were overparametrized and generally did not converge with our data. Therefore, to quantify temporal variation in occurrence of predators, we used single-season occupancy models where p was allowed to vary between successive series of five surveys conducted in bimonthly intervals, but was constant within each series. Furthermore, we also allowed p to vary with other covariates (day or night, presence of other predators), with their effects being additive to seasonal effects. However, we did not use occupancy models designed to study species co-occurrence (MacKenzie et al. 2006) , as these again require more information than what is available from our data.
Occupancy was considered dependent on three site-specific covariates: plot, habitat (field vs. forest), and distance from human buildings. As the factor plot was largely (though not fully) nested within habitat, we used these two variables alternatively, not allowing them to enter the same model. We also tested whether the possible relation between and distance was linear or nonlinear using distance-squared as the predictor. The data on presence of rodents were not used in occupancy models, as model-fitting procedures failed because of large amount of missing data.
For each species, we proposed a set of 20 competing occupancy models and checked if the data supported each of the Note: AIC, Akaike's information criterion; ⌬AIC, difference in AIC between the top-ranked and the actual model; w i , Akaike weight of the model; K, number of parameters; -2LL, -2 ϫ log-likelihood of the model. The following predictor variables were included in the models: distance to buildings (50 -400 m, as original and squared values), plot (1-5), day (daytime vs. nighttime), season (early spring, late spring, summer, autumn), habitat (field vs. forest), and presence of two predators other than focal species. models using Akaike's information criterion (AIC). For each model in each of the three sets, we provided AIC values, the difference in AIC between a given model and the best model (⌬AIC), and Akaike weight (w), which indicates the probability that a given model is the best among the 20 competing models (Burnham and Anderson 2002) . We indexed relative importance of each variable in the data set analyzed using summed Akaike weights for all models where the variable occurred (Burnham and Anderson 2002) . In this way, for each species, we quantified the support for inclusion of each predictor variable in the best model, given the model selection uncertainty. All occupancy models were fitted with PRESENCE version 4.4 software (Hines 2006) .
Finally, we checked whether it was possible to discriminate tracking stations visited by cats, dogs, and foxes based on the independent variables, i.e., five station characteristics: habitat type, distance to buildings, time of day, day of year, and presence of rodents in a given station (the latter was not included in the occupancy modelling). For this purpose, we used 1096 records that included a single species (records with no species or with more than one species were omitted). First, we used simple Kruskal-Wallis and 2 tests to compare the characteristics of the 1096 records of visits by the three species. We used principal components analysis (PCA) to combine five habitat characteristics into two main components. Next, we plotted the 1096 records along the first two components of the PCA and visualized the species-specific, twodimensional ecological niche symbolized by the components using kernel density estimator implemented with the help of "chplot" package (Pohar and Vidmar 2011) in R program (R Development Core Team 2011). We tested the null hypothesis, i.e., that the distributions of the records of cats, dogs, and foxes are random, along the two components using ANOVA.
Results
Basic results
We registered the presence of predators in 1323 out of 3881 total station records (34.1%). These included 837 occurrences of cats, 271 of dogs, and 162 of foxes. The presence of other predatory mammals (badger, marten, polecat, least weasel) was confirmed for 41 records. The co-occurrence of two of the studied species was noted for 168 records. There were only two records in which all three species visited one station. There were a total of 462 rodent captures. The species most frequently trapped was the yellow-necked mouse (Apodemus flavicollis (Melchior, 1834)) (n ϭ 223 captures), followed by the striped field mouse (Apodemus agrarius (Pallas, 1771)) (121), bank vole (Myodes glareolus (Schreber, 1780)) (56), house mouse (Mus musculus L., 1758)) (42), and common vole (Microtus arvalis (Pallas, 1778)) (20).
Predictors of species occurrences
For all three species, distance from buildings was included in the best supported model (Table 1) . Occupancy decreased with increasing distance from buildings, although for fox and Table 1 ).
dog, there was a strong variation between study plots. Overall, for all the species, distance has a considerable support, exceeding 0.87. Study plot had a relative importance of 1 for fox and dog. However, the top-ranked model for the cat included habitat type rather than plot identity as the second important predictor of occupancy, with cats occurring more frequently in forest habitats than in open fields. Cat with its support of 0.64 for habitat variable was clearly different from fox and dog, that had an essentially zero support for inclusion of habitat variable (Table 1, Fig. 2) .
Probability of detection, indexing animal activity in our experimental design, varied with time of the season for all three predators, although the exact patterns were speciesspecific (Table 1, Fig. 3 ). For fox, probability of detection increased steadily throughout the year. Cats and dogs showed more complex dynamics of seasonal occurrence. In addition to seasonal effects, the top-ranked models included also the time of the day (night vs. day) for all three species studied. All predators were recorded considerably more frequently during the night than during the day. Time of day variable has a support of 1 for all the species studied.
Presence of one predator was also linked to the presence of the other two species (Table 1, Fig. 3 ). Generally, a given species was detected more frequently in the absence of the other two species. Cats occurred less frequently on stations visited by foxes, but this effect was even more pronounced for stations visited by dogs. The best supported model for cat predicted its lowest occurrences for stations visited by both fox and dog. The presence of dog was negatively linked to the presence of fox and, to a lesser extent, to the presence of cat, particularly during the night. On the other hand, the top-ranked model for fox included negative association only with the presence of dog. However, a model including association with the presence of both dog and cat received only slightly lower support.
Niche overlap
For the set of 1096 platforms in which one species was recorded (empty platforms and platforms with more than one species were excluded), platform characteristics differed among the three species (Table 2 ). The platforms visited by foxes were farther from buildings, with a 2-3 times greater rodent frequency, than the platforms visited by the other two species. Other characteristics of the platforms visited by the three species also showed significant differences ( Table 2) .
The distribution of records of particular species along the first two components of the PCA was not random (Fig. 4) . On average, fox records were associated with positive values of the first component and cat records were associated with negative values of the first component, and these differences were significant (Fig. 4) . Similarly, species-specific records along the second component were not random, and the mean values for cats, dogs, and foxes differed significantly (Fig. 4) .
Discussion
Occupancy and probability of detection
In general, the explanatory variables taken into account significantly explain the variability in the occurrences of the three species. However, the directions of the effects of some of the variables were unexpected.
We observed a strong preference of cats for forested areas; the probability of a cat visit to a station was distinctly greater in the forest habitat than in the open habitat. Earlier studies have shown that cats prefer areas with ample cover (Genovesi et al. 1995; Hall et al. 2000; Molsher et al. 2005; Harper 2007 ) and avoid cultivated fields (Genovesi et al. 1995; Hall et al. 2000; Krauze 2008 ). Yet, the forest has been suggested to be a rare hunting habitat for cats (Fitzgerald and Turner 2000) . Experiments by Gehring and Swihart (2003) showed that although cats visited scent stations located in crop fields half as frequently as stations in the forest, they did not actually avoid fields (in contrast to other predators, including the red fox). A possible explanation for the differences between our results and the previously reported preferences of cats is the high abundance of the two other predators in the field habitats, leading to avoidance of these habitats by cats.
The decline in the activity of cats and dogs as the distance from buildings increases is because the great majority of these animals are connected to farms yet remain unrestrained. Their activity is therefore concentrated near buildings. A maximal Fig. 3 . The effect of season and interspecific interactions of the probability of detection of cat (Felis catus), dog (Canis lupus familiaris), and red fox (Vulpes vulpes). For each species, the most parsimonious model is visualized (see Table 1 ).
concentration of activity in areas closest to human settlements and around habitat edges associated with human dwellings has been reported for cats (Romanowski 1988; Gehring and Swihart 2003; Kays and DeWan 2004; Krauze 2008; Goszczyński et al. 2009 ), dogs (Silva-Rodríguez et al. 2010) , or both these species (Oehler and Litvaitis 1996) . This distance effect was weaker for foxes (confidence intervals for the effect estimation for particular distance categories overlap); however, this predictor was still included in the most parsimonious model. This may illustrate the high plasticity of this species in habitat use and explorations in the vicinity of buildings. The high penetration of areas adjacent to human dwellings is probably the result of an increase in populations of red foxes in general and a consequently higher occupancy of areas outside forests (Goszczyński et al. 2008) .
Season affected the detection probability of the three species; however, the directions of the effects differed between the species. The variability in the probability of detection over time may indicate a temporal segregation in space use by the three predator species. Cats are presumed to hunt in the spring, mostly in built-up areas (Krauze 2008) , and to therefore visit tracking stations placed outside villages less often. They have been shown to be more active and to roam for greater distances during the warm months of the year (Goszczyński et al. 2009 ). We recorded the highest detectability of cats during autumn, which may be linked with high abundances of rodents during this period. In the spring, foxes spend most of their time in the vicinity of their dens taking care of their offspring. Their home ranges are therefore smallest during this time and expand in the autumn when young individuals begin to disperse (Goszczyński 1995) and this data fit well to the obtained detectability pattern of this species. Varying detectability between seasons in the case of dogs is difficult to interpret and needs further studies.
We observed that the probability of detection of all three species was lower in daytime, i.e., they were much more active at night. This result is consistent with previous findings regarding the activity patterns of dogs and red foxes (reviewed in Goszczyński 1995) . In previous European studies, cats were found to be more active around dawn and dusk, especially in the warmer seasons (e.g., Goszczyński 1977; Romanowski 1988; Page et al. 1992; Krauze 2008; Goszczyński et al. 2009 ). One possible explanation for this pattern involves a response to human activity in the area. According to Polish law, foxes are game species, but freeranging cats and dogs can also be hunted under some circumstances. All three species therefore presumably avoid humans outside built-up areas, and night activity appears to be a part of their human-avoiding strategy. Cats have been observed to adjust their activity patterns to avoid human interference (Goszczyński 1977; Langham 1992; Harper 2007) , and a similar explanation was suggested for the behaviour of feral dogs . In a previous door-to-door survey (M. Ż mihorski, unpublished data), we found that approximately 50% of dogs living in villages and kept in fenced parcels were released during the night by their owners. An increase in their detectability during the night is therefore not surprising. Note: Values (mean Ϯ SE) are given for day of year and distance to buildings, whereas the proportion (%) of platforms visited by each species are provided for rodents ϭ present, daytime ϭ day, and habitat ϭ forest. Results from Kruskal-Wallis (rows 1-2) and 2 tests (rows 3-5) are given. Fig. 4 . The distribution of samples (platforms) visited by the three predators (cats (Felis catus), dogs (Canis lupus familiaris), and red foxes (Vulpes vulpes)) along the first two components of a principal components analysis (PCA). Kernel density contours with a confidence level of 90% are drawn for each species; data points are not shown to keep the chart clear. The components symbolize habitat characteristics; correlations between the components and the characteristics of platforms are given in the box (in all cases p Ͻ 0.0001). Results of ANOVA comparing mean value of the components between species are given close to marginal density plots.
Interspecific interaction and niche segregation
Interestingly, we recorded that presence of particular predator affects detectability of remaining species. The issue of interspecific interactions between the three studied species is complex, as they may interact as predators, prey, or competitors, as well as disease reservoirs or vectors. In this study, we concentrated on the spatiotemporal distribution of the species, mutual interference, and factors driving the co-occurrence of the cats, dogs, and red foxes. However, interspecific interactions affecting detection probabilities of our study species should be interpreted with caution. If the occurrence of a dog is lower on stations where a cat was recorded as well, this does not necessarily mean that dogs avoid places visited by cats. We do not know the temporal sequence of visits of animals recorded during a single survey. Thus, it is equally probable (and more likely) that cats avoided platforms already visited by dogs, but we are unable to differentiate between the two scenarios. Therefore, given the nature of our data, we can only speak about co-occurrence of two species, but not about avoidance of one predator by another species. Nevertheless, this result may suggest strong antagonistic interactions between the three predators. Most importantly, dogs have a strongly negative effect on the other two species. They are a dominant species and their presence has been shown to influence the occurrence of other predators, e.g., the maned wolf (Chrysocyon brachyurus (Illiger, 1815)) (Lacerda et al. 2009 ), Indian fox (Vulpes bengalensis (Shaw, 1800)) Gompper 2009a, 2010; Vanak et al. 2009 ), Chilla fox (Lycalopex griseus (Gray, 1837)) (Silva-Rodríguez et al. 2010), red fox (Harris 1981; Mitchell and Banks 2005; Baker et al. 2010) , bobcat (Lynx rufus (Schreber, 1777)), coyote (George and Crooks 2006) , and domestic cat (Baker et al. 2010) , through chasing, barking, scent marking (George and Crooks 2006) , or killing (Harris 1981; reviewed in Vanak and Gompper 2009b; Baker et al. 2010; Silva-Rodríguez et al. 2010) . Bearing in mind the high abundance of dogs in farmlands, one may assume that the spatiotemporal distribution of dogs is an important driver of space use by the other two species. Although foxes have been suggested to suppress population of feral cats (Short et al. 1999) and have been known to kill cats (Baker et al. 2010; D. Krauze-Gryz and J. Goszczyński, personal observations) , there is no evidence that the two species actively avoid each other. However, some examples of intra-specific aggression between cats and other mammalian predators have been reported, e.g., aggression towards kit foxes (Vulpes macrotis Merriam, 1888) by urban cats (Harrison et al. 2011 ) and killing of weasels by cats (Krauze 2008) .
In accordance with the suggestions concerning antagonistic interactions between the three species, significant discrimination of spatiotemporal niches among them occurs as a result of differences in species-specific habitat preferences. The discrimination is not perfect and the space along the two axes of the PCA shared by more than one species is considerable. However, the three species differ significantly with respect to space use as assessed using the PCA method. Similar segregation in predator communities has been reported in many previous studies (Palomares and Caro 1999; Fedriani et al. 2000; Mitchell and Banks 2005; George and Crooks 2006; Lacerda et al. 2009; Baker et al. 2010; Silva-Rodríguez et al. 2010; Vanak and Gompper 2010) . However, information on interactions between domestic and wild species is still scarce.
Consequences for management and wildlife conservation
The results of the present study indicate high penetration of habitats around built-up areas by domestic predators in rural landscapes and support the concept that domestic predators are more abundant than wild predators in the agricultural landscapes of central Poland (Pielowski 1976; Krauze 2008; Goszczyński et al. 2009 ). This finding raises a serious concern for conservation, as domestic predators are known to influence wildlife in many ways, including predation, competition, and disease transmission (e.g., George 1974; Pielowski 1976; Woods et al. 2003; Krauze 2008; Ra nik et al. 2008; Vanak and Gompper 2009b; Bonnaud et al. 2011 ). According to our previous studies and observations, the influence of domestic predators in Poland is particularly severe because they are usually poorly fed and unvaccinated (Krauze 2008; Krauze and Gryz 2009 ). The impact of dogs and cats may not be additive because of their strong mutual avoidance. It is assumed that dense populations of free-ranging dogs can restrict space use by cats. Dogs (in this case, dingoes) have been suggested to effectively suppress populations of feral cats and red foxes in Australia (Dickman 1996) .
Polish farmland, similar to other countries of central and eastern Europe, supports a high biodiversity, e.g., abundant populations of farmland birds of concern for conservation (Sanderson et al. 2009; Tryjanowski et al. 2011) . However, in Poland, similar to other European countries, many components of biodiversity in agriculture landscapes have shown a marked decline during the past few decades (e.g., Donald et al. 2001; Smith et al. 2005) . A decline in a particular species is often linked to increasing predator pressure (Panek 2005) . A strong increase in the abundance of one of the species studied here, the red fox (Goszczyński et al. 2008) , may result in even higher pressure on prey populations when their numbers decline (Juszko 2008) . Our results show that domestic predators should be considered the most abundant predatory mammals in farmlands, particularly near buildings. All attempts to reduce predation pressure on rural wildlife in central and eastern Europe should therefore start with addressing the problem of free-ranging domestic predators.
Antagonistic interactions between particular species, including the mesopredator release effect and niche segregation, are interesting ecological mechanisms worthy of further research. However, our results show that the manipulation of abundance and space use of some species may lead to the numerical and functional responses of other species. An important question that arises is whether such interspecific interactions can be managed for conservation purposes. This issue remains one of the most important challenges for biodiversity conservation in the ultra-rich farmlands of central and eastern Europe.
